Abstract. An inexact-based fuzzy multi-objective programming (IFMOP) model is developed based on analysis of fuzzy information and multi-objective characteristics of an ecological city. In the IFMOP model, parameters originally based on certain targets and accurate objectives are now obtained as interval numbers. Through the interactive process between decision makers and the interpretation of the model, some reasonable solutions can be achieved by using MATLAB programming. This study took a new development zone in a city of North China as a case study, a reasonable water resource allocation scheme in 2020 is obtained, illustrating the practicability of this model.
Introduction
Any city planning, the optimal allocation of water resources is one of the important links. With China's economic and social development, how to improve the functional requirements of the city, eco-city research and construction practice has taken more and more people's attention. And some experience has been achievedin the construction of eco-city economic, social and ecological development of the characteristics of its decision on the optimal allocation of water resources higher requirements [1] [2] .
Eco-city, different from the general concept of the city, it is not a closed system, but a complex system involving urban natural ecosystems, urban artificial environment systems, economic systems and social systems [3] [4] [5] . It requires both to ensure the sustained economic growth rate, but also to ensure the quality of economic growth, while the ecological city but also to meet the basic needs of residents [6] . It can be said that the ecological city is a social, economic and environmental unity. The optimal allocation of water resources to pay more attention to the simultaneous development of human and ecological environment, the importance of ecological water and water resources, ecological value [7] [8] . Therefore, the optimal allocation of eco-city water resources not only to consider the city system itself is comprehensive, complex, and uncertainty, but also consider the ecological water demand and ecological value in the time of the dynamic, the ambiguity of the data, and interaction with other factors and other characteristics of interaction, is an uncertain multi-objective programming problem [9] .
IFMOP model and its solution
Uncertainty fuzzy multi-objective model (IFMOP) is an extension of uncertainty multi-objective model (IMOP), which applies the theory and method of fuzzy mathematics to IMOP model, further improves the certainty of IMOP , Reliability and validity [10] . At the same time, IFMOP can also be regarded as the result of the expansion of the original uncertain fuzzy linear programming (IFLP) model to multi-objective decision problem, which is a system that integrates IFLP with FMOP Optimization methods, so the IFMOP model has its unique advantages in dealing with the planning problems of complex environmental systems [11] .
Model description
In general, the general form of the IFMOP model is expressed as follows:
Where , are minimized and maximized objective functions, respectively; are the dimension of the target coefficient and the total coefficient dimension respectively; is called the benefit coefficient , , ; called decision variable, ; , are the maximum target constraint dimension and the total constraint dimension respectively; is the set of indeterminate numbers. An interval where the upper and lower bounds are known but the distribution information is unknown, that is, . 
Model solution
The model structure can be seen from the model structure described in section 1.1. The method of solving the model has been studied by many scholars. The general idea is that the fuzzy objective is used to identify the fuzzy target, and then the FLP conversion, fuzzy target construction, ILP conversion, fuzzy objective decomposition and IFMOP sub-model construction are used to solve the model. The IFMOP model solution flow is shown in Figure 1 . The specific steps can be found in Guo Huai-chen's "Environmental Planning Method and Application" (2006) and related literature [12] .
The choice of solution Some nonnegative solutions of uncertain multi-objective programming models can be obtained by solving the model, but these non-inferior solutions can not directly generate the planning scheme, because the mathematical model is only the simplification of the objective world and can not fully represent the actual system itself. The model results and decision-makers experience, expert knowledge get as reasonable as possible to optimize the decision-making program [13] .Therefore, there is an interactive process, that is, the non-inferior solution submitted to the decision-makers to analyze and evaluate the decision maker feedback to the model, the appropriate correction of the model, and then repeated solution until a satisfactory solution.
Case study
Analysis on water supply and demand balance in some city of north China In this paper, a new urban area is located in the lower reaches of a water system in North China, which is close to the Bohai Sea and has a complicated river system. It is currently available for water resources from local groundwater, local surface water, groundwater, surface water, recycle water, and desalination of seawater. However, compared with the rapid development of the city, the water is still relatively insufficient. Coupled with the water resources efficiency is not balanced and poor water quality problems, resource-based water shortage is more serious, contradictory supply and demand. Mainly rely on the administrative plan of water-saving, economic regulation and public participation is insufficient.Therefore, on the one hand through the drinking water source project, transformation of urban water supply pipe network project, increase the use of seawater, promote water-saving technology to increase water supply, and on the other hand need to strengthen the optimal allocation of water resources and water conservation, and guide the rational use of efficient water conservation.
The water supply and water requirements for the year are shown in Table 1 and Table 2 . 
IFMOP model of water resources planning in a new city
In this paper, the benefit coefficient and cost coefficient of the literature and information, select the user million output value of the reciprocal to determine the different water users benefit coefficient. The cost factor of the various types of water resources or the cost factor of the similar water source project in the adjacent area to determine the cost factor. According to the water supply and demand balance analysis, Is 95.79%, considering the principle of basic theory of uncertainty and the present situation for less than needed, and to solve the model, the lower limit of water demand is , the upper limit of water demand is .
IFMOP model to solve the results and discussion
Based on the objective function decomposition of the model, combined with the interactive algorithm and theory, the solution of the IFMOP model of the optimal allocation of water resources in 2020 is obtained by the MATLAB software.
In order to show the results of the optimal allocation of water resources in 2020, the intermediate value of the configuration interval (the value is taken by itself) can be plotted as shown in Figure 2 and Figure 3 .
(1) Industry is the largest water demand sector, as shown in Figure 3 . Water demand in the industrial sector accounts for about 60% of the total water demand in all sectors. If the amount of industrial water is reduced, the effect of reducing total water demand will be solved. So it is the most important way to improve the utilization of water resources by optimizing the industrial structure, improving the efficiency of industrial water use and improving the water saving work.
(2) Agricultural water is given priority from the local surface water, the difference is taken from the external control of surface water. Urban and rural living water mainly from the external surface water, at the same time, in order to maintain water quality, part of urban life water which has lower requirements of water quality can be replaced by recycled water. Water for the tertiary industry is taken from the direct use and desalination of groundwater, reclaimed water and seawater, and priority is given to completely (3) From increasing water reso resources v visually se influence, w 
Summary
IFMOP model can reflect the multi-objective, uncertain and fuzzy characteristics of complex system. In this paper, it is applied to the optimization of water resources in eco-city, and can introduce the uncertain information directly in the model construction and solution, which objectively reflect the reality of the problem. Compared with other simple models, IFMOP model has significant advantages.
1) It is found that the IFMOP model is suitable for the optimal allocation of water resources in the eco-city, and it is proved that the IFMOP model has a good applicability in the optimization of water resources in the city.
2) The IFMOP model can be easily decomposed into a simple single-objective linear programming sub-model, using MATLAB tools to solve quickly, with strong operability. The model parameters and optimization of the results are expressed in the form of interval, the dual limitations of observational data and systematic cognition greatly improve the accuracy of the water supply planning and the flexibility of the configuration scheme, which can be directly communicated with decision makers and experts to feed the decision maker's intentions and expert experience into the model. It is good for achieving the mathematical model and the perfect combination of expert knowledge, and being conducive to access to more scientific and rational decision-making.
3) The IFMOP model can reflect the essential characteristics of the optimal allocation of water resources in the eco-city, meet the requirements of the optimal allocation of water resources in the eco-city construction, and obtain the optimal allocation result as the reference value as the scientific basis of the decision-making.
